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Description

[0001] In many biomedical and healthcare applica-
tions, the rapid determination of the concentration of an
analyte in a biological matrix such as blood, plasma, se-
rum, urine, cerebrospinal fluid (CSF), or tissue extracts,
is critically important. Traditionally, such measurements
have been made via immunoassay-based techniques
such as an enzyme linked immunosorbent assay (ELI-
SA). Such techniques rely on the selective binding of an
antibody to a target analyte within the sample. In most
assays, a second antibody linked to a colorimetric, fluor-
ometric, or radioactivity-based detection system is used
to detect the analyte-antibody complex.
[0002] Many fully automated devices capable of run-
ning immunoassays on biological fluids have been de-
veloped and are commonly used in hospital and research
settings. While these systems have the advantages of
automation and capacity, they also have significant draw-
backs. For example, the specificity and selectivity of each
assay is only as good as the antibody being used. Many
drugs are metabolized by the cytochrome P450 system
in the liver or by other metabolic pathways. Usually the
metabolite of a drug isn’t active, though in certain cases
a pro-drug is administered and it is the metabolite that
has pharmaceutical activity. In cases where an antibody
has reactivity towards both a drug and it’s metabolite it
is very challenging to develop an immunoassay. The
cross reactivity of the antibody means that an aggregate
concentration of drug and metabolite(s) will be quantified
while it is only one of these species that has clinical rel-
evance. The azole anti-fungal drugs, many anti-convul-
sive and anti-epileptic drugs, along with many of the cal-
cineurin inhibitors used in transplant patients fall into this
category. For classes of drugs such as benzodiazepe-
nes, it is common for the immunoassay to react to the
entire class of drugs rather than individual members of
the class.
[0003] More recently many of the quantitative assays
in clinical and research settings traditionally analyzed by
immunosorbent assays are being analyzed by mass
spectrometry-based techniques. A very common tech-
nique is the use of high-pressure liquid chromatography
coupled to triple-quadrupole mass spectrometry (HPLC-
MS/MS). Mass-spectrometer (MS) based assays have
some significant advantages over immunosorbent as-
says. For example, MS assays typically have a much
higher degree of selectivity for a particular analyte than
immunoassay-based techniques. The MS-based assay
for the determination of Vitamin D concentrations has the
ability to differentiate between hydroxyl and di-hydroxy
Vitamin D, an important piece of information in a clinical
evaluation, while the immunoassay-based techniques
are capable of quantifying total Vitamin D concentrations
and cannot differentiate between the various forms.
[0004] Some mass-spectrometry based techniques
may have some limitations, particularly around sample
prep and the requirement to use internal standards and

external calibrants for absolute quantitation. Samples
that contain high concentrations of ionic strength can
cause ion suppression within the source region of the
mass spectrometer leading to lower signal and poor in-
strument response. Often samples are fractionated via
chromatography, either prior to MS analysis or during the
analysis itself through the use of a coupled technique
such as HPLC-MS. When complex samples such as
blood are being analyzed, often multiple centrifugation
or extraction steps may also be required. The require-
ment for samples prep and standard curve generation
often results in samples for mass spectrometric analysis
to be analyzed in batch mode. Researchers tend to prefer
workflows where samples are accumulated until a level
where the effort to generate standard curves and cali-
brants is amortized by a sufficient number of samples. A
downside of this approach is that the turnaround time is
dependent on the rate of sample accumulation - if the
sample accumulation rate is slow the time to generate
results can be long, especially for the samples received
early in each batch. While in some applications, the time-
to-results for a mass spectrometric analysis may not be
important, there are other applications, such as many
clinical or healthcare related applications, where the gen-
eration of rapid results is critical.
[0005] Both immunoassays and mass spectrometry
assays have limitations around time-to-answer. Clinical
analyzers running immunoassays are highly automated
but commonly require 60 to 90 minutes to provide a result.
The lack of automation in most mass spectrometry as-
says adds the requirement of an experienced operator
that makes the time-to-answer much more variable. It is
common for many mass spectrometry assays to have
very long turnaround times. In cases where sample ac-
cumulation is slow, the batch mode process often be-
comes the biggest limiting factor.
[0006] WO 2012/170549 A1 discloses compositions,
methods and kits for quantifying target analytes in a sam-
ple. Dwivedi et al (Plant Growth Regul. (2010)
61:231-242) reports the characterization of Arabidopsis
thaliana mutant ror-1 (roscovitine-resistant) and its utili-
zation in understanding of the role of cytokinin N-gluco-
sylation pathways in plants. WO 2014/197754 A1 de-
scribes absolute quantitation of proteins and protein
modifications by mass spectrometry with multiplexed in-
ternal standards.
[0007] Accordingly, the present disclosure presents
novel methods for addressing at least some of the prob-
lems associated with current systems and techniques.
There is described in general, an automated system that
prepares biological samples and determines the concen-
tration of one or more target analytes via mass spectrom-
etry. The time from sample introduction to the reporting
of data, in some embodiments, takes a relatively short
amount of time (e.g., several minutes). In some embod-
iments, a biological sample to be analyzed is a blood
sample. For many applications, only a single drop of
blood may be sufficient. Through the use of a mixture of
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standards with unique molecular mass (see above), a
quantitative analysis of the target analyte can be per-
formed in a single MS run (for example), eliminating the
need to create and analyze standard curves. One advan-
tage of such embodiments, is that it can eliminate the
need for batch creation since the requirement to amortize
the time and effort of creating and analyzing standard
curves can be eliminated.
[0008] Some embodiments may be used to quantify
the concentration of pharmaceutical compounds, such
as antibiotics in blood samples from patients. For exam-
ple, in some embodiments, only ten (10) microliters of
blood (approximately one drop) may be used (which may
be obtained via a commercially available finger-prick lan-
cet) and capillary blood collection device. The blood sam-
ple may then be delivered to the system directly from the
capillary through the sample port. A schematic outline of
the instrument and workflow is shown in Figure 1.
[0009] An MS system is described in general which
eliminates the need to create external calibration curves
with standards of known concentrations. Thus it is pos-
sible to generate accurate analytical results in a short
amount of time (e.g., a matter of minutes).Since the sys-
tem automates sample preparation while eliminating the
need to create standard curves, the workflow and hands-
on time required to generate results is fast and simple.
[0010] Yet another benefit of some embodiments of
the present disclosure is streamlined and simplified data
management systems. In traditional measurement,
where an external calibration curve is used, the instru-
ment data from the test sample alone is not useful. Spe-
cifically, the instrument response from the test sample is
only meaningful when analyzed in relation to the standard
curve generated from the external calibrants. Therefore,
the data from the standard curve and the data from the
test samples must always be co-analyzed and archived,
which adds complexity to data management and storage
systems, thus creating additional challenges during data
retrieval. According to some embodiments of the disclo-
sure, because all of the data required to accurately cal-
culate the analyte concentration are available within the
single injection (i.e., single sample), only a single data
file needs to be analyzed and archived greatly reducing
the complexity of the data management architecture. A
unique sample identifier, such as a bar code, may be all
that is required to access a specific mass spectrometer
data file containing all of the necessary data.
[0011] Another added benefit of some of the embodi-
ments of the present disclosure is simplified sample man-
agement. For example, with the traditional approach,
each of the external calibration samples, along with the
test samples, need to be tracked and loaded into the MS.
The order in which samples are analyzed by the MS
needs to be properly maintained and requires the crea-
tion of an order of analysis in the MS, often referred to
as a sample batch. Furthermore, if a sample needs to be
reanalyzed at a future point for any reason, the original
standard curve also needs to be reanalyzed. Re-analysis

of the standard curve together with test samples neces-
sitates the physical storage of all of these samples to-
gether requiring some form of sample management and
storage system being implemented. According to some
embodiments of the present disclosure, because all of
the information required for a quantitative measurement
is contained within each sample, a simple unique identi-
fier for each test sample (e.g.,: a bar code) is all that is
necessary for storage and potential reanalysis.
[0012] Still other advantages of some of the embodi-
ments of the present disclosure include:

1) Fast time-to-answer. Even the fastest existing
techniques typically take 1 hour or longer to deliver
results. If the analysis is performed by a send-out
assay (i.e., to a testing service not within the organ-
ization) results can take up to a week. Since the
trough concentrations of many drugs are measured,
the next dose is delivered before the results of the
assay are available. In many cases, especially when
dealing with critically ill patients, administration of
one or more incorrect doses of an essential pharma-
ceutical while awaiting for blood test results is likely
to have a significant negative impact in health out-
comes. In sharp contrast, according to some embod-
iments of the present disclosure, the very next dose
can be appropriately adjusted since results are avail-
able in near real-time. Furthermore, since each as-
say is a complete measurement without the require-
ment for an independent standard curve to be cre-
ated, some embodiments of the present disclosure
offer complete flexibility in analysis compared to tra-
ditional batch-mode workflows.

2) Low blood volume. For pediatric and neonatal
monitoring available blood volume is a very impor-
tant consideration. By using a single drop (for exam-
ple) of blood obtained from a single finger or heel
prick, some embodiments of the present disclosure
help eliminate this barrier to testing. While in adult
patients, blood volume is often not a limitation, the
relative comfort of a finger prick over a conventional
vacuum tube blood draw is an advantage, especially
if multiple samples are required over time.

3) High selectivity and specificity. Compared to im-
munoassays, in some embodiments of the present
disclosure, the mass spectrometry-based assay is
able to accurately analyze a wide range of small mol-
ecule analytes, including those that have metabo-
lites or related compounds that cross-react with the
antibodies used in immunoassays.

4) Ease of developing new assays. According to
some embodiments of the present disclosure, the
development of mass spectrometry methods for
quantifying additional compounds is straightforward
and can be done as new compounds are being re-
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searched or introduced. The MS according to such
embodiments can be optimized through the selec-
tion of the appropriate mass-to-charge ratio settings
for each analyte. By comparison, in existing technol-
ogies, for a new immunoassay a raising and select-
ing a specific antibody is required - an expensive
process that often fails to provide an appropriate so-
lution for small molecule analytes.

5) Ease of data analysis, storage and manipulation.
Because all of the information necessary for quanti-
fication of each sample is contained within that sam-
ple (i.e., no requirement for external standard curves
or calibrators), in some embodiments, all of the data
required for that measurement is contained within a
single data file. Therefore, data analysis and storage
as well as sample storage are greatly streamlined
which decreases the potential for errors and increas-
es the confidence in the measurement.

[0013] Accordingly, there is described in general, a
system for determining the concentration of an analyte
of interested in a bodily fluid which comprises a fluid
pumping system comprising at least one positive pres-
sure pump and at least one valve for directing fluid flow,
a sample preparation portion comprising a disposable
cartridge having a sample introduction port, a filtration
region, a chromatography region, and an outlet, and a
sample analysis portion comprising a mass spectrome-
ter, where the mass spectrometer produces a spectra for
an analyte of interest in a sample of a bodily fluid, as well
as at least one of a plurality of isotopes of the analyte of
interest or a plurality of derivatized samples of the analyte
of interest added to the sample in a single spectral meas-
urement. The system may further include at least one
processor having operational thereon computer instruc-
tions for at least controlling operation of the system, de-
termining a concentration of the analyte contained in the
bodily fluid sample, and reporting the at least one analyte
concentration.
[0014] Such a system may also include one and/or an-
other of the following features:

- the fluid pumping system comprises a first pump and
a second pump, and the at least one valve comprises
a multi-port valve;

- the multi-port valve includes a selector configured to
select at least one pair of ports for fluid communica-
tion there-between;

- the multi-port valve comprises at least 6 ports des-
ignated respectively as ports 1 through 6;

- upon the selector being in a first position, ports 1 and
2 are in fluid communication, ports 3 and 4 are in
fluid communication, and ports 5 and 6 are in fluid
communication;

- upon the selector being in a second position, ports
2 and 3 are in fluid communication, ports 4 and 5 are
in fluid communication, and ports 6 and 1 are in fluid

communication;
- at least one position of the selector is configured for

loading and washing position of the bodily fluid sam-
ple;

- at least one position of the selector is configured for
an elution of the bodily fluid sample;

- port 1 is connected to the first pump and port 2 is
connected to the sample introduction port;

- port 3 is connected to the second pump and port 4
is connected to the mass spectrometer;

- port 5 is connected to is connected to the outlet of
the cartridge and port 6 is connected to a waste tank;

- port 1 is connected to the first pump and port 2 is
connected to the sample introduction port, port 3 is
connected to the second pump and port 4 is con-
nected to the mass spectrometer, port 5 is connected
to is connected to the outlet of the cartridge and port
6 is connected to a waste tank;

- the multi-port valve comprises at least 3 ports des-
ignated respectively as ports 1 through 3;

- upon the selector being in a first position, ports 2 and
3 are in fluid communication;

- upon the selector being in a second position, ports
1 and 3 are fluid communication;

- the first position is configured for loading and wash-
ing position of the bodily fluid sample;

- the second position of the selector is configured for
elution and mass-spectrometric analysis of the bod-
ily fluid sample;

- port 1 is connected to the mass spectrometer;
- port 2 is connected to a waste tank; and/or
- port 3 is connected to is connected to the outlet of

the cartridge.

[0015] A system for determining a concentration of an
analyte of interest in a bodily fluid is described in general
which comprises a pumping system including a plurality
of different solvents, a sample preparation cartridge, a
sample introduction port configured with the sample
preparation cartridge, an outlet configured with the sam-
ple preparation cartridge, a filtration unit for the removal
of insoluble components like cells or platelets configured
with the cartridge, a chromatography system for the pu-
rification of the analyte of interest along with standards
samples, a mass spectrometer, and at least one proces-
sor having operational thereon computer instructions for
controlling operation of the mass spectrometer, deter-
mining a concentration of at least one analyte contained
in the sample, and reporting the at least one analyte con-
centration.
[0016] Some systems may further include one or more
of the following features:

- a user interface, where the user interface includes
input means for at least one of programing and di-
recting at least one function of the system;

- the input means includes a menu which includes se-
lection means for selecting an assay of interest;
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- upon selection of an assay of interest, the correct
mass spectrometry settings for that assay are auto-
matically transferred to the mass spectrometer;

- the disposable cartridge is identified for a specific
assay;

- identification comprises at least one of an RFID tag
and a one or two-dimensional bar code; and/or

- upon selection of a specific assay from the menu of
available assays, the appropriate disposable car-
tridge is loaded and verified to the specific assay.

[0017] In some embodiments, a method for determin-
ing the concentration of an analyte of interest in a bodily
fluid is provided and comprises providing a single-use,
disposable cartridge comprising:

a solid residue of a plurality of internal standards
within a sample introduction port, the plurality of in-
ternal standards comprising either a plurality of sta-
ble isotopes of the analyte of interest or a plurality
of chemically derivatized analyte samples, each of
the plurality of internal standards being at different,
known concentrations;

a filtration region;

a chromatography region; and

an outlet port configured to be in fluid communication
with a mass spectrometer;

introducing an original sample to the sample intro-
duction port, the original sample comprising at least
one of blood, urine, and saliva of a patient containing
the analyte of interest;

dissolving the solid residue in the original sample to
produce a test sample;

pumping the test sample through the single-use, dis-
posable cartridge;

analyzing the test sample via the mass spectrometer
such that the plurality of different internal standards
and the original sample are analyzed in a single
spectral measurement;

creating a standard curve of a spectra for the analyte
of interest from data produced from the analysis of
the single spectral measurement; and

determining a concentration of the analyte of interest
in the original sample based upon the standard
curve.

[0018] The volume of the original sample in such meth-
od embodiments less than about 10 microliters of blood.
[0019] There is described in general, a disposable car-

tridge for use in a system for determining a concentration
of an analyte of interest in a bodily fluid and comprises
a housing, a sample introduction port, a filtration unit, and
a chromatography system for the purification of the an-
alyte of interest and standards samples.
[0020] Such cartridge embodiments may further in-
clude one or more of the following features:

- the cartridge is manufactured from a bio-inert poly-
meric material;

- the bio-inert polymeric material comprises at least
one of polyetheretherketone (PEEK), polypropyl-
ene, and polystyrene;

- the housing comprises a first upper section and a
lower bottom section;

- the filtering portion is configured in the upper section;
- the chromatography media is configured in the lower

section;
- the sample introduction port is in fluid communication

with a filtrate reservoir;
- the sample port is separated from the filtrate reser-

voir by a asymmetric polysulfone membrane; and/or
- a bodily fluid sample includes standards samples,

where the standards samples diffuse through the
membrane such that, upon the bodily fluid sample
being blood, platelets, red and white blood cells are
trapped within larger pores of the membrane and the
liquid portion of the blood sample diffuses through
the membrane and is collected in the filtrate reser-
voir.

[0021] There is described in general, a system for the
determination of a concentration of one or more analytes
in a fluid including a bodily fluid and comprises a fluid
pumping system comprising at least one positive pres-
sure pump and a valve system for diverting fluid flow, a
sample preparation portion comprising a removable car-
tridge, the cartridge including a sample introduction port,
a filtration region, and a chromatography region, a sam-
ple analysis portion comprising a mass spectrometer,
and a processor including computer instructions operat-
ing thereon configured to at least one of analyze data,
monitor quality of the system, and report results.
[0022] These and other embodiments, object, advan-
tage and features of the various disclosed embodiments
will become even more evident with reference to the at-
tached figures and details.

Figure 1 illustrates a schematic outline of a system
and workflow.

Figure 2 illustrates an example of a fluidic pathway.

Figure 3 illustrates a schematic of the fluidic system.

Figure 4 illustrates top and side views of a sample
cartridge.
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Figure 5 illustrates exemplary designs for two sec-
tions of a sample cartridge.

[0023] Accordingly, the following exemplary embodi-
ments of the various methods presented by the current
disclosure are provided below.
[0024] Internal Standards. Some embodiments of the
present disclosure provide a method which uses an MS
system which adds a series of different internal standards
at different concentrations to the test sample, which is
then analyzed within a single mass-spectrometric meas-
urement. For example, in some embodiments, two or
more stable isotopes (i.e., a plurality, in some embodi-
ments, 3 or more) of the analyte of interest may be added
to a test sample at different concentrations. A MS is then
used to analyze the three (multiple) stable isotopes to-
gether with the analyte of interest in a single measure-
ment. The MS response for each of the stable isotope
concentration points is used to create a standard curve
that, in turn, is used to accurately calculate the concen-
tration of the analyte of interest. This approach may ef-
fectively combine the use of internal standards and ex-
ternal calibrants into a single instrument, measurement
system.
[0025] As indicated, multiple stable isotopes with dif-
ferent molecular mass may be used. For example, a se-
ries of hydrogen or carbon12 atoms are replaced with
deuterium or carbon13 atoms. Each stable isotope stand-
ard should be at least two mass units apart to minimize
interference of naturally occurring C13 isotope, especially
if the analyte of interest has a large number of carbon
atoms. In such cases, a molecular mass separation of
three or more units may be required.
[0026] In some embodiments, if multiple stable isotope
standards with different molecular mass are not availa-
ble, or are costly or time prohibitive to provide (as chem-
ical synthesis of stable isotopes can be difficult and ex-
pensive), a series of standards can be chemically syn-
thesized where the analyte of interest is chemically mod-
ified. For example, a small molecule can be reacted with
the analyte of interest to create a new molecule with a
slightly larger molecular mass. To generate several in-
ternal standards with different molecular mass, a series
of chemical reactions with different small molecules can
be performed. Alternately, the chemical reaction could
be performed with a number of stable isotopes of the
same small molecule to generate standards.
[0027] This approach to generate a series of standards
with different molecular mass is to chemically derivatize
the analyte of interest with another molecule. There is a
wide range of well-established derivatization techniques
familiar to those skilled in the art. The derivatization re-
action can either be done with a series of reagents with
slightly different chemical structure (and therefore mo-
lecular mass) or with multiple stable isotopes of the same
derivatizing agent.
[0028] For example, an amine reactive probe such as
an isothiocynate or succinimidyl ester could be used to

quickly and efficiently derivatize a primary amine con-
taining molecule such as vancomycin. A series of reac-
tions with similar but slightly different derivatization rea-
gents, (e.g., one additional carbon atom in a carbon
chain) could be used to generate a family of standards
for vancomycin with very similar properties in the analyt-
ical system, but each with a unique molecular mass.
[0029] Systems. There is described in general, a sys-
tem to conduct MS analysis for the method according to
the present invention, which may comprise a pumping
system with at least two (2) different solvents (e.g., one
for washing the sample over a chromatography media
and a second for elution of analytes and standards off of
the chromatography media), a sample preparation car-
tridge (which is single use, and disposable) which in-
cludes a sample introduction port, and a MS for quanti-
fication of an analyte(s) of interest and standards. A com-
puter system may also be provided in such a system to
control the instrument and/or for the automated quantifi-
cation and reporting of analyte concentrations.
[0030] The system may include a pumping system hav-
ing at least two (2) different solutions, a valve module, a
cartridge (e.g., disposable) with a sample and standard
introduction port, a mechanism to deliver a metered
amount of an appropriate amount of internal standard to
the sample introduction port, and a MS.
[0031] The pumping system may include a plurality,
for example, two (2) independent single channel pumps
(e.g., isocratic), the cartridge (which may be diposable),
and the MS, one or more (and in some embodiments,
all) are in fluidic communication through a single 6-port,
2-position valve (for example). An example of a fluidic
pathway is shown in Figure 2. A simple, robust, low cost
pump(s) may be used. However, the chromatography
may be limited to a two (2) step, solid-phase extraction
approach where a single solvent or buffer can be used
for the washing and elution steps.
[0032] The pumping system may comprise a binary or
quaternary pump capable of pumping 2 or more solutions
independently or as mixtures (for example). The fluidic
system may comprise the pumping system, the dispos-
able cartridge, and the MS in fluidic communication
through a 3-port, 2-position selection valve (for example).
For example, the presence of a pumping system capable
of delivering mixtures of two or more solvents may enable
gradient elutions to be performed in which the percentage
of an elution solvent is gradually increased over time. As
a result, different compounds elute from the chromatog-
raphy media depending on their partition coefficient for
the solvents being used. A schematic of a fluidic system
is shown in Figure 3.
[0033] Methods. The following is exemplary of a meth-
od for conducting mass-spectromatic analysis of a sam-
ple according to some embodiments of the present dis-
closure, using one and/or another of disclosed systems.
[0034] In some embodiments, a sample and internal
standards may be added to the sample introduction port
when both pumps are inactive. It is important that the
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proper internal standards are added to the test sample
prior to the analysis. As described earlier, the addition of
at least one internal standard is used to normalize the
instrument response. Through the addition of multiple
internal standards, a truly quantitative concentration can
be calculated for the analytes of interest (according to
some embodiments).
[0035] In some embodiments, a metered amount of an
organic solvent (e.g., acetonitrile or methanol) containing
the appropriate internal standards is added to the sample
introduction port and quickly allowed to evaporate. A
stream of inert gas (e.g., nitrogen) can be used to help
facilitate rapid evaporation of the solvent, leaving behind
a solid residue of the internal standards within the sample
introduction port. The addition of the liquid test sample
(e.g., blood or urine) solubilizes the internal standard pri-
or to sample filtration.
[0036] In some embodiments, the appropriate internal
standards for a particular assay may be added to the
sample introduction port during the manufacturing proc-
ess in a solid state (for example). Alternately, a metered
amount of the internal standards can be added to the
sample introduction port of the cartridge during manu-
facturing in a liquid state (e.g., dissolved in an organic
solvent) that is then dried (e.g., evaporated, freeze-dried,
or lyophilized) leaving behind solid residue of the internal
standards. The solid-state internal standards then dis-
solve in the test sample upon addition of the test sample
to the sample introduction port. Such an approach, ac-
cording to some embodiments, implicitly relies that the
chemical stability of the solid-state internal standards be
determined and may require appropriate storage condi-
tions (e.g., temperature control, protection from light,
etc.).
[0037] After the sample has been filtered through the
asymmetric polysulfone filter/membrane of the cartridge,
the sample introduction port may be blocked to prevent
flow in the reverse direction, and pump 1, of the exem-
plary system having two pumps, may be activated while
valving is configured in a first position. After an appropri-
ate volume of first solution has been delivered to the chro-
matography media in the cartridge, pump 1 is inactivated,
pump 2 is activated, and the valving is actuated to a sec-
ond position. Upon actuation of the valving, elution sol-
vent may be delivered from pump 2 to the chromatogra-
phy media resulting in the analytes being eluted from the
chromatography media and into the mass spectrometer
for analysis. In some such embodiments, it is recom-
mended that pump 2 be actuated prior to the actuation
of valve 2 to establish stable spray within the source of
the mass spectrometer.
[0038] Salts and mass spectrometry compatible com-
ponents of the sample may be diverted to a waste ar-
ea/conduit to protect the MS. Accordingly, valving may
be thus configured to divert the eluted sample to the MS
once elution solvent is being pumped. One of skill in the
art will appreciate that a variety of valving, e.g., diversion
valves, may be substituted for the 2-position rotary valve

shown in Figure 3. For example, a microfluidic valve that
alternately pinches closed one of the two flow paths can
be used without altering the function of the device.
[0039] The chromatography step, according to some
embodiments, can be performed using many different
commercially available solid-phase materials. For exam-
ple, a very wide range of chromatography media are
available and include silica-based coated particles, pol-
ymeric materials, and others. Phases can be reverse
phase (e.g., hydrophobic) or normal phase (e.g., hy-
drophilic or ionic) and can incorporate a wide range of
different chemistries including but not limited to C4, C8,
C18, phenyl, cyano, HILIC, graphitic carbon, and others.
The exact nature of the chromatography media can be
optimized for the specific analytes of interest and car-
tridges containing different types of chromatography me-
dia may be developed for different applications or ana-
lytes. In some embodiments, the chromatography media
may be retained in place within the cartridge through the
use of narrow channels, for example, which may be ma-
chined, molded, or printed directly into the substrate of
the cartridge. By using a chromatography media having
particles larger than these narrow channels, the media
can be immobilized within the appropriate region of the
cartridge without the need for frits or filters (for example).
[0040] In some embodiments, rather than a two-step
chromatography system (i.e., aqueous followed by or-
ganic), an increasing percentage of organic solvent over
time can be delivered to the chromatography media. This
type of chromatographic elution is known as a gradient
elution and can be used to selectively elute specific an-
alytes from the chromatography media.
[0041] Cartridges. The sample preparation cartridge
is provided (see above), which is disposable and includes
the port for sample introduction and(or) the addition of
one or more standards. The cartridge also includes a
filtration unit for the removal of insoluble components like
cells or platelets, and further includes a chromatography
system for the purification of the analyte(s) of interest
along with the internal standard(s). Top and side views
of the cartridge which may be used in the method are
shown in Figure 4. Each cartridge is used a single time
for each analysis and discarded.
[0042] In some embodiments, such a single-use dis-
posable cartridge provides advantages over multi-use
systems including, for example, the elimination of poten-
tial carryover from one sample to the next, and the elim-
ination of concerns over degradation of the chromatog-
raphy media due to problems like clogging (e.g., partic-
ulates or precipitates in the sample) and/or irreversible
binding of various matrix components (e.g., lipids or ster-
oids).
[0043] In some embodiments of the cartridge, a filter
or membrane is provided within the cartridge which may
be manufactured from commercially available material
such as asymmetric polysulfone. One such filter com-
mercialized by the Pall Corporation under the "Vivid™"
trade name is designed specifically for the separation of
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plasma from whole blood. Similar membranes and filters
are also available from other manufacturers. The filter or
membrane may be used to capture larger components
in a fluid sample (e.g., platelets, red and white blood cells,
and the like), being captured by larger pores thereof,
while plasma containing an analyte(s) of interest flows
down through smaller pores on the downstream side (for
example). When a bodily fluid sample including the ap-
propriate internal standards is introduced at the sample
port, the platelets and cells within the blood sample are
trapped within the filter/membrane and plasma contain-
ing the analyte(s) of interest along with the internal stand-
ards is collected within a filtrate reservoir.
[0044] Cartridge Manufacture. Cartridges may be
manufactured from a bio-inert polymeric material such
as polyetheretherketone (PEEK), polypropylene, poly-
styrene, or a similar polymer. When selecting a material
for the cartridge factors such as the ability to mold, ma-
chine, or print the components; cost; and/or biological
compatibility may be considered. For at least some em-
bodiments, it is particularly important that the analytes of
interest do not have a high affinity for binding to the ma-
terial used in the cartridge. Adhesion or binding of analyte
to the cartridge itself could result in lower instrument sig-
nal and could lead to inaccurate results. It may be pos-
sible to optimize the material for a specific application
and use different types of cartridges for different analytes
(for example).
[0045] To facilitate manufacturing of the cartridge, a
bottom portion of the cartridge that contains the fluidic
channels, the filtrate reservoir, and/or chromatography
matrix, may separately be manufactured from an upper
portion that includes ports for interfacing to the pumping
system, sample introduction, and/or detector. Features
may alternately be machined into the bottom portion, or
the unit may be injection molded or manufactured from
additive manufacturing (i.e., 3-dimensional printing).
[0046] Figure 5 shows exemplary designs for two sec-
tions of a cartridge device. The filter/membrane may be
attached to the upper section and the chromatography
media may be placed in the lower section.
[0047] Once the filter/membrane has been attached
and appropriate chromatography matrix have been add-
ed, the manufacture of the cartridge may be completed
by fusion of the two sections (e.g., bottom and top sec-
tions). The fusion may be accomplished thermally,
through irradiation with an ultraviolet light, or via an ad-
hesive (for example). Alternately, features that clip and
hold the two portions together could be added to the two
components eliminating the need for an adhesive alto-
gether.
[0048] Once the two sections are fused, the open
grooves in the first (e.g., lower) section may become en-
closed channels establishing fluidic communication be-
tween the various sections of the cartridge. The through
holes in the second (e.g., upper) section become ports
to establish fluidic communication to the pumping sys-
tem, the sample introduction port, and the mass spec-

trometer. Features may be molded or machined into a
respective section to help facilitate leak-tight fluidic con-
nections, for example, a commercially available "Luer-
Lock" or similar taper union-type fitting may be used. Oth-
er types of standard fittings are also available and well
known to those skilled in the art. The fluidic channels
formed by fusion of the two sections may include an in-
ternal diameter of about 0.01 inches (-250 micron), for
example. Depending on the application, smaller internal
diameters of about 0.005 inches (-125 micron) or larger
internal diameters may be used. The internal diameter
may be a function of the readily available sample volume
and desired back pressure within the system and may
be optimized for a specific application and analyte.
[0049] The cartridge may include an additional fea-
ture(s) that facilitates the blocking of the sample intro-
duction port after the filtration step is complete. Blocking
of the sample introduction port may be accomplished by
plugging the port mechanically or by other means (for
example). The blocking off of the sample introduction port
keeps the appropriate solvents traveling through the
chromatography media rather than back out of the sam-
ple introduction port in the reverse direction once the
pumping system is activated.
[0050] Computer System/Processor and Control.
The system for MS analysis may be controlled via one
or more computer processors having computer instruc-
tions operating thereon to effect an algorithm (for exam-
ple) for the automated mechanical, fluidic, and/or control
operations for performing (and completing) a quantitative
measurement. The mechanical operations may include
actuation of one or more valves, control of one or more
pumps, mechanical positioning of certain elements,
and/or the control of the MS for the acquisition of analyt-
ical data.
[0051] User Interface. Computer systems for the MS
system may further include a user interface through
which an operator can program and direct one or more
functions or operations thereof (for example). The user
interface allows for correct setup for an appropriate as-
say. To that end, such correct setup enables the correct
data to be obtained from an assay the correct cartridge
being used, as well as the correct MS settings. A user
may need only select the assay of interest from a menu
of assays available on a user interface. Thereafter, upon
selection of a given assay, the correct mass spectrometry
settings for that assay are automatically transferred to
the MS.
[0052] System Control Configuration. The cartridge
for the system may be identified as being appropriate
only for a specific assay. Such identification may be
through a radio frequency ID tag and/or a one or two-
dimensional bar code. Once the user has selected a spe-
cific assay from a menu of available assays through the
user interface, and a disposable cartridge has been au-
tomatically or manually loaded into the system, the sys-
tem may verify that the specific identifier on the dispos-
able cartridge matches the assay selected by the user.
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If the two assays are in conflict, an error message or
warning may be issued alerting the user of the discrep-
ancy. If the selected assay is in concordance with the
loaded cartridge, the user may be informed and the cor-
rect mass spectrometry settings can be transferred to
the MS.
[0053] Data Analysis. In some embodiments, once
the mass spectrometric information is acquired, a com-
puter processor(s)(which may be the processor which
controls the MS system) may be used to compare the
instrument signal for each of the internal standards as
well as the analyte(s) of interest. A standard curve is cre-
ated using the instrument response for each of the known
concentrations of the internal standards. This curve is,
in turn, used to calculate the unknown concentration of
the analyte in the test sample.
[0054] Quality Control. It may be possible (and desir-
able) to incorporate multiple levels of error checking and
quality control into a data analysis algorithm, operational
on one or more processors (e.g., of the system). For ex-
ample:

- the linearity of the instrument response versus the
known concentration of the standards can be math-
ematically determined and compared to preset lim-
its;

- the overall instrument response in terms of signal-
to-noise ratio or absolute signal can be calculated
for each internal standard and compared versus ac-
ceptable responses; and/or

- more complicated mass spectrometric parameters
such as peak shape, symmetry, tailing, and the like,
can also be determined and compared to acceptable
benchmarks.

[0055] Accordingly, if any such calculated parameters
fall outside acceptable limits, the system may be config-
ured to display (or otherwise report) an error or warning
message indicating that the calculated concentration of
the analyte may be inaccurate.
[0056] Data Reporting. Data reporting (system and/or
sample characteristics, control, data analysis, results,
etc.) may be available at two different layers. For exam-
ple, in an instrument run in which no errors are present,
the system can display the concentration of the test an-
alytes in the patient blood sample along with a patient
identifier such as a name or barcode. The analyte con-
centration can be displayed in relation to the desired con-
centration range, for example, the target concentration
range for an antibiotic drug. Additionally, a second level
of data can be made available, that displays the raw mass
spectrometric data from the instrument along with all of
the mathematical calculations performed to derive the
final result. Such a level of data and results may be re-
quired if there is an error or warning flag displayed by the
algorithm requiring further inspection from an operator.
[0057] Various implementations of the embodiments
disclosed above, in particular at least some of the proc-

esses discussed, may be realized in digital electronic cir-
cuitry, integrated circuitry, specially designed ASICs (ap-
plication specific integrated circuits), computer hardware
(as noted above), firmware, software (as noted above),
and/or combinations thereof. These various implemen-
tations may include implementation in one or more com-
puter programs that are executable and/or interpretable
on a programmable system including at least one pro-
grammable processor, which may be special or general
purpose, coupled to receive data and instructions from,
and to transmit data and instructions to, a storage system,
at least one input device, and at least one output device.
[0058] Such computer programs (also known as pro-
grams, software, software applications or code) include
machine instructions for a programmable processor, for
example, and may be implemented in a high-level pro-
cedural and/or object-oriented programming language,
and/or in assembly/machine language. As used herein,
the term "machine-readable medium" refers to any com-
puter program product, apparatus and/or device (e.g.,
magnetic discs, optical disks, memory, Programmable
Logic Devices (PLDs)) used to provide machine instruc-
tions and/or data to a programmable processor, including
a machine-readable medium that receives machine in-
structions as a machine-readable signal. The term "ma-
chine-readable signal" refers to any signal used to pro-
vide machine instructions and/or data to a programmable
processor.
[0059] To provide for interaction with a user, the sub-
ject matter described herein may be implemented on a
computer having a display device (e.g., a CRT (cathode
ray tube) or LCD (liquid crystal display) monitor and the
like) for displaying information to the user and a keyboard
and/or a pointing device (e.g., a mouse or a trackball) by
which the user may provide input to the computer. For
example, this program can be stored, executed and op-
erated by the dispensing unit, remote control, personal
computer (PC), laptop, smart-phone, media player or
personal data assistant ("PDA"). Other kinds of devices
may be used to provide for interaction with a user as well;
for example, feedback provided to the user may be any
form of sensory feedback (e.g., visual feedback, auditory
feedback, or tactile feedback); and input from the user
may be received in any form, including acoustic, speech,
or tactile input.
[0060] Certain embodiments of the subject matter de-
scribed herein may be implemented in a computing sys-
tem and/or devices that includes a back-end component
(e.g., as a data server), or that includes a middleware
component (e.g., an application server), or that includes
a front-end component (e.g., a client computer having a
graphical user interface or a Web browser through which
a user may interact with an implementation of the subject
matter described herein), or any combination of such
back-end, middleware, or front-end components. The
components of the system may be interconnected by any
form or medium of digital data communication (e.g., a
communication network). Examples of communication
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networks include a local area network ("LAN"), a wide
area network ("WAN"), and the Internet.
[0061] The computing system described above may
include clients and servers. A client and server are gen-
erally remote from each other and typically interact
through a communication network. The relationship of
client and server arises by virtue of computer programs
running on the respective computers and having a client-
server relationship to each other.
[0062] For example, such a system may include at
least one molecule detecting/identification device which
is in communication (wired or wireless) with at least one
controller/processor. The processor may include compu-
ter instructions operating thereon for accomplishing any
and all of the methods and processes disclosed in the
present disclosure. Input/output means may also be in-
cluded, and can be any such input/output means known
in the art (e.g., display, memory, database, printer, key-
board, microphone, speaker, transceiver, and the like).
Moreover, in some embodiments, the processor and at
least the database can be contained in a personal com-
puter or client computer which may operate and/or collect
data from the detecting device. The processor also may
communicate with other computers via a network (e.g.,
intranet, internet).

Examples

[0063] Example 1: Determination of Vancomycin con-
centration in plasma samples by mass spectrometry with-
out the need for an external calibration curve. Traditional
mass spectrometric quantification of the concentration
of anti-infective agent vancomycin in the plasma of a pa-
tient would require multiple steps:

1) A sample of plasma not containing any vancomy-
cin is spiked with a known concentration of vanco-
mycin.

2) A dilution series of this sample is prepared in the
same plasma matrix to generate a series of samples
with different but known concentrations of vancomy-
cin to generate the external standard curve.

3) An internal standard, e.g., a stable isotope of van-
comycin, is added to all of the external standard
curve samples with known vancomycin concentra-
tions as well as the test sample with unknown van-
comycin concentration.

4) All samples (including the external calibration
samples and the test sample) are analyzed by an
appropriate mass spectrometer where the instru-
ment response for both vancomycin and the internal
standard in each of the test and calibration samples
is recorded.

5) The MS instrument response for vancomycin for

each sample is normalized to the MS instrument re-
sponse for the internal standard to account for any
instrument or sample-specific variability.

5) The MS instrument response for each of the cal-
ibration standards with known vancomycin concen-
tration is used to generate a standard curve that in
turn can be used to calculate the unknown concen-
tration of vancomycin in the test sample.

[0064] The workflow for some embodiments of the
present disclosure for this example can be much simpler
in comparison:

1) A mixture of a plurality of different stable isotopes
of vancomycin (e.g., 3, and in some embodiments,
at least 4), each at a different but known concentra-
tion, is added to the plasma sample to be analyzed.

2) A single test sample with unknown concentration
of vancomycin and the 4 stable isotopes of known
concentration (for example) is analyzed in a single
(for example) MS measurement where the instru-
ment response for vancomycin and the 4 stable iso-
topes is recorded.

3) A calibration curve generated to form the 4 stable
isotope internal standards (e.g., with respect to the
current example) with known concentration and the
unknown concentration of vancomycin can be accu-
rately determined, all in a single (for example) MS
measurement. In some embodiments, since a single
measurement may be used to generate a standard
curve and quantify vancomycin concentrations, in-
strument or sample-specific variability can be auto-
matically accounted for.

[0065] Reference Example 2: Determination of Vanco-
mycin concentration in blood samples from a premature
infant. Vancomycin is a drug that is commonly used to
treat infections from many Gram positive infections. In
newborn infants, particularly premature births or in ba-
bies with very low birth weight, sepsis is a major cause
of morbidity and mortality. For staphylococcal infections
vancomycin is the preferred treatment. However, the
pharmacokinetics of vancomycin differs in neonates as
compared to adults and also show significant inter-ne-
onate variability. Vancomycin concentrations are routine-
ly monitored due to the known toxicity of this drug. An
established target for vancomycin is a through plasma
concentration of 15-20 mg/ml.
[0066] There are commercially available immu-
noassay tests for vancomycin that are routinely used for
the therapeutic drug monitoring of this antibiotic. Howev-
er, the commercially available tests suffer from several
drawbacks. The tests typically require several hundred
microliters of blood to be drawn from the patient. This is
not a limitation in adults, but in pediatric and neonatal
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cases available blood volume presents a significant chal-
lenge. The total blood volume for all required testing in
a neonate is typically 5 mL/kg. For a 500 g nenotate, this
corresponds to just 2500 ml over several days making
the availability of blood for various laboratory tests a ma-
jor limitation. Furthermore, most commercially available
tests require 60 to 90 minutes to provide an answer. Typ-
ically, the trough concentration of vancomycin that is
measured and a blood sample is obtained 30 minutes
prior to the next dose of the drug. Given the time-to-result
of at least 60 minutes for the current assays (and often
significantly longer due) it is impossible to adjust the next
dose of vancomycin since it is scheduled for administra-
tion 30 minutes after the blood draw. As a result, the
neonate may be given an incorrect dose for another dos-
ing cycle, possibly more depending on the turnaround
time.
[0067] With respect to the current reference example,
a 10 microliter blood sample is obtained from a patient
using a commercially available heparinized heel-prick
lancet and blood collection system 30 minutes prior to
the scheduled administration of the next dose of vanco-
mycin. The blood sample is put into the system, where
the blood sample is transferred to the sample introduction
port. Simultaneously, a metered volume of a mixture of
internal standards of vancomycin is also transferred to
the sample introduction port. The mixture of internal
standards contains 4 (i.e., multiple) different chemically
derivatized versions of vamcomycin, each of the 4 having
a slightly larger molecular mass.
[0068] The sample introduction port is in fluidic com-
munication with a filtrate reservoir, but separated by a
highly asymmetric polysulfone membrane. The blood
sample containing the internal standards diffuses
through the membrane where the platelets, red and white
blood cells are trapped within the larger pores of the
membrane and the liquid portion of the blood sample
diffuses through the membrane and is collected in the
filtrate reservoir.
[0069] Once the plasma separation step is complete,
the sample introduction port is mechanically blocked to
prevent backflow of sample or liquid in a reverse direc-
tion. A first pump containing an aqueous buffer acidified
with a mixture of 0.01% trifluoroacetic acid and 0.09%
acetic acid is activated. The pump is connected to the
disposable cartridge through a first pump port and is in
fluidic communication with the filtrate reservoir. The sam-
ple in the filtrate reservoir is pushed through the action
of this pump through another channel to another region
within the cartridge containing an immobilized chroma-
tography media. In this case, chromatography media
consisting of 40 micron diameter silica beads that have
a surface derivatized with an 4-carbon long chain is used
(i.e., C4 reverse phase media).
[0070] As the plasma sample is pushed through the
chromatography media, the vancomycin standards along
with any vancomycin present in the sample are adsorbed
onto and retained by the cartridge. However, the salts

and many of the proteins present in the sample are not
adsorbed and are flushed through the chromatography
media to an outlet port to a waste container. The ad-
sorbed sample is washed by a minimum of 10 volumes
of aqueous buffer (for example) to ensure that the ma-
jority of salt and protein in the sample are removed.
[0071] Next, the first pump is stopped and a second
pump containing an organic buffer of acetonitrile acidified
with 0.01% trifluoroacetic acid and 0.09% formic acid (for
example) is activated. This pump is also in fluidic com-
munication with the disposable cartridge through yet an-
other pump port. Simultaneously with the activation of
the second pump, a valve is actuated within the instru-
ment that establishes fluidic communication between the
outlet port of the cartridge and the mass spectrometer.
This port was previously in communication with a waste
container. The organic solvent is flowed over the chro-
matography media which results in the vancomycin and
the 4 internal standards to desorb off of the chromatog-
raphy media and dissolve in the organic solvent. This
solvent containing vancomycin and the internal stand-
ards is delivered to the mass spectrometer where each
of the 5 compounds (vancomycin plus the 4 standards)
are quantified. The mass spectrometer used is a triple
quadrupole system with an atmospheric pressure ion
source operating in positive electrospray ionization
mode.
[0072] The mass spectrometric results are delivered
to a data analysis algorithm that converts the instrument
response factor to a 4-point calibration curve. The relative
instrument response for each of the 4 internal standards
with known concentrations is used to quickly create the
calibration curve. The calibration curve can be used to
convert the instrument response for vancomycin to an
accurate concentration of the analyte through the use of
an automated computer algorithm.
[0073] Example 3: Determination of the concentration
of the antibiotic agent Colistin in the blood of a critically
ill patient. Colistin (trade name: Colomycin®) is an anti-
infective agent effective against many Gram negative
bacteria. Colistin was initially discovered in the late
1940s. It is a pharmaceutical agent that was used in a
very limited manner for decades due to the fact that the
drug is severely nephrotoxic. Newer drugs have much
preferable safety profiles and as a result colistin was used
only in very rare situations for many decades. Colistin
has a therapeutic range of zero - it is toxic at every dose,
including the therapeutic dose. However, recently colistin
has been found to be the only effective treatment against
many multidrug resistant Pseudomonas and Acineto-
bacter bacteria species. As a result, the use of colistin
as a last-line anti-infective agent has become common,
despite the well-characterized toxicity of the drug. Even
in cases where a successful health outcome against the
infectious agent is achieved, the nephroptoxicity of the
drug often results in irreversible kidney damage. Many
patients require dialysis, sometimes indefinitely.
[0074] Accurately dosing critically ill patients is partic-
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ularly challenging since in such patients altered kidney
function and increased volume of distribution is very com-
mon. The kidneys may shut down resulting in lower than
usual clearance, or may become hyper-active resulting
in rapid drug elimination. Furthermore, patients may be
on fluid treatment that can further dilute the effective drug
concentration in the plasma. As a result, trying to estimate
the actual plasma concentration of colistin in an individual
patient can be very challenging.
[0075] In this example, a bacterial swab from a critically
ill patient in an Intensive Care Unit is taken and cultured.
The infectious agent is identified as an Acinetobacter and
since previous treatment attempts by antibiotic agents
with cleaner toxicity profiles has failed, colistin is pre-
scribed as the course of treatment. The in vitro minimum
inhibitory concentration (MIC) of colistin is determined
by culturing the isolated bacteria in media containing dif-
ferent concentration of colistin using a commercially
available bacterial resistance kit.
[0076] Colistin is administered to the patient intrave-
nously. At 30 minutes after the initiation of treatment a
10 ml blood sample is obtained from the patient via a
finger prick blood collection and presented to the device
described in the system, via the sample introduction port
of the cartridge. The device has already been preloaded
(for example) with the appropriate cartridge and standard
mixture for monitoring the drug colistin. Using such em-
bodiments, the systemic concentration of colistin in plas-
ma of the patient is calculated in a matter of minutes.
Additional blood samples are obtained at 60, 90, 150,
and 300 minutes after initiation of the infusion of colistin
and the plasma drug concentration is measured similarly
at these additional time points.
[0077] The system may be configured (e.g., via soft-
ware, one or more processors) to generate a pharma-
cokinetic plot for colistin based on the time versus plasma
drug concentration data that is obtained from the above
measurements. An objective is to assure that the plasma
concentration of colistin is at least as high as the in vitro
MIC level determined previously. It is highly unlikely that
the treatment will result in arresting bacterial growth or
in bacterial killing at plasma concentrations below the
established MIC. The result of low colistin concentrations
will likely result in a dose that is not efficacious and a
positive treatment outcome will be in jeopardy. Similarly,
it is important that the colistin concentration not reach
levels well above the MIC due to the dose-related toxicity
of colistin.
[0078] Based on the pharmacokinetic data generated,
by the device and the target concentration of colistin (i.e.,
the MIC), the antibiotic drug can be accurately titrated
for the patient. In cases where the plasma concentration
is below the MIC, the dose of the drug and/or the dosing
frequency can be increased. Similarly, if the plasma con-
centration of colistin is significantly above the MIC, an
adjustment with lower doses and/or a less frequent dos-
ing regimen can be utilized.
[0079] Example 4: Patient-specific titration of the

chemotherapy drug busulfan in chronic myeloid leukemia
patients receiving bone marrow transplantation. Busul-
fan (trade name: Myleran®) is an alkylating antineoplas-
tic agent used in the treatment of chronic myeloid leuke-
mia (CML). Busulfan is often used as a conditioning agent
in bone marrow transplantation. It often administered in-
travenously with the total dose being divided equally over
4 consecutive days, though there are multiple dosing reg-
imens used. Busulfan has many side effects including
pulmonary fibrosis (busulfan lung) and others. There is
also significant patient-to-patient variability in metabo-
lism and hence plasma levels of the drug. As a result,
the plasma busulfan levels are routinely monitored to en-
sure drug concentrations are within the therapeutic win-
dow. Most monitoring is performed via HPLC-MS tech-
niques.
[0080] In this example, a patient is dosed with busulfan
intravenously. A total of six 10 microliter blood samples
are collected via a finger-prick method at 30 minute in-
tervals after the dosing of the drug is completed. Accord-
ingly, using at least some embodiments of the present
disclosure, immediately after the collection of each sam-
ple, the blood is introduced via the sample introduction
port (of the cartridge) into the system of such embodi-
ments. The system is equipped with a disposable car-
tridge designed for busulfan analysis. An internal stand-
ard mixture consisting of a mixture of 4 different stable
isotopes of busulfan at different but known concentra-
tions is added to the blood sample within the sample in-
troduction port. The concentration of busulfan in each of
the 6 samples is determined as described.
[0081] In such embodiments, the time versus busulfan
plasma concentration may be used to create a pharma-
cokinetic plot. A goal is to achieve a 6-hour area under
the curve (AUC) of between 900 and 1500 micromoles
of busulfan. AUC (6-hour) higher than 1500 micromoles
is associated with toxicity while those below 900 micro-
moles may result in incomplete bone marrow ablation.
Based on the data provided by the current invention the
complete pharmacokinetic profile can be determined af-
ter the initial dose, and any adjustments to dosing can
be made prior to the second dose. Conventional mass
spectrometry assays often take many hours or even days
to complete. For drugs such as busulfan that are admin-
istered over several days, knowing the plasma concen-
tration is critical. If the results of the blood plasma con-
centration aren’t available for days, dose adjustment can
only be made in the final day or days of the treatment
regimen. A patient may be receiving a toxic or sub-effi-
cacious dose for the bulk of the treatment course which
is likely to have a negative impact on the health outcome.
[0082] Example embodiments of methods have been
described herein. As noted elsewhere, these embodi-
ments have been described for illustrative purposes only
and are not limiting. Other embodiments are possible and
are covered by the disclosure, which will be apparent
from the teachings contained herein. Thus, the breadth
and scope of the disclosure should not be limited by any
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of the above-described embodiments but should be de-
fined only in accordance with claims supported by the
present disclosure and their equivalents. Moreover, em-
bodiments of the subject disclosure may include meth-
ods, which may further include any and all elements from
any other disclosed methods. In other words, elements
from one and/or another disclosed embodiments may be
interchangeable with elements from other disclosed em-
bodiments. In addition, one or more features/elements
of disclosed embodiments may be removed and still re-
sult in patentable subject matter (and thus, resulting in
yet more embodiments of the subject disclosure).

Claims

1. A method for determining the concentration of an
analyte of interest in a bodily fluid, the method com-
prising:

providing a single-use, disposable cartridge
comprising:

a solid residue of a plurality of internal stand-
ards within a sample introduction port, the
plurality of internal standards comprising ei-
ther a plurality of stable isotopes of the an-
alyte of interest or a plurality of chemically
derivatized analyte samples, each of the
plurality of internal standards being at dif-
ferent, known concentrations;
a filtration region;
a chromatography region; and
an outlet port configured to be in fluid com-
munication with a mass spectrometer;

introducing an original sample to the sample in-
troduction port, the original sample comprising
at least one of blood, urine, and saliva of a pa-
tient containing the analyte of interest;
dissolving the solid residue in the original sam-
ple to produce a test sample;
pumping the test sample through the single-use,
disposable cartridge;
analyzing the test sample via the mass spec-
trometer such that the plurality of different inter-
nal standards and the original sample are ana-
lyzed in a single spectral measurement;
creating a standard curve of a spectra for the
analyte of interest from data produced from the
analysis of the single spectral measurement;
and
determining a concentration of the analyte of in-
terest in the original sample based upon the
standard curve.

2. The method of claim 1, wherein the plurality of chem-
ically derivatized analyte samples have a molecular

mass different from a molecular mass of the analyte
of interest.

3. The method of claim 2, wherein each of the plurality
of chemically derivatized analyte samples has a mo-
lecular mass that is larger than the molecular mass
of the analyte of interest.

4. The method of claim 2 or claim 3, wherein the plu-
rality of chemically derivatized analyte samples is
obtained by reacting the analyte of interest with a
plurality of different molecules and/or a plurality of
different isotopes of the same molecule.

5. The method of any one of the preceding claims,
wherein the plurality of chemically derivatized ana-
lyte samples and the analyte of interest in the test
sample adsorb to chromatography media of the chro-
matography region of the disposable cartridge.

6. The method of claim 1, wherein the plurality of stable
isotopes comprises two or more stable isotopes.

7. The method of claim 6, wherein each of the plurality
of stable isotopes is added to the test sample at a
different concentration.

8. The method of claims 6 or claim 7, wherein each of
the plurality of stable isotopes is at least two mass
units apart.

9. The method of any one of the preceding claims,
wherein the volume of the original sample is less
than about 10 microliters of blood.

Patentansprüche

1. Verfahren zum Bestimmen der Konzentration eines
Zielanalyten in einer Körperflüssigkeit, wobei das
Verfahren umfasst:

Bereitstellen einer Wegwerfkartusche für den
einmaligen Gebrauch, umfassend:

einen festen Rückstand einer Vielzahl von
internen Standards innerhalb einer Proben-
einführungsöffnung, wobei die Vielzahl von
internen Standards entweder eine Vielzahl
von stabilen Isotopen des Zielanalyten oder
eine Vielzahl von chemisch derivatisierten
Analytenproben umfasst, wobei jeder der
Vielzahl von internen Standards in unter-
schiedlichen, bekannten Konzentrationen
vorliegt;
einen Filterbereich;
einen Chromatographiebereich; und
eine Auslassöffnung, die ausgelegt ist, in
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fluidischer Verbindung mit einem Massen-
spektrometer zu stehen;

Einführen einer Originalprobe in die Probenein-
führungsöffnung, wobei die Originalprobe min-
destens eines von Blut, Urin und Speichel eines
Patienten umfasst, die den Zielanalyten enthal-
ten;
Lösen des festen Rückstands in der Original-
probe, um eine Testprobe herzustellen;
Pumpen der Testprobe durch die Wegwerfkar-
tusche für den einmaligen Gebrauch;
Analysieren der Testprobe mittels des Massen-
spektrometers, so dass die Vielzahl der ver-
schiedenen internen Standards und die Origin-
aiprobe in einer einzigen Spektralmessung ana-
lysiert werden;
Erzeugen einer Standardkurve eines Spek-
trums für den Zielanalyten aus Daten, die aus
der Analyse der einzelnen Spektralmessung ge-
wonnen wurden; und
Bestimmen einer Konzentration des Zielanaly-
ten in der Originalprobe basierend auf der Stan-
dardkurve.

2. Verfahren nach Anspruch 1, wobei die Vielzahl der
chemisch derivatisierten Analytenproben eine Mo-
lekularmasse aufweist, die sich von einer Moleku-
larmasse des Zielanalyten unterscheidet.

3. Verfahren nach Anspruch 2, wobei jede der Vielzahl
von chemisch derivatisierten Analytenproben eine
Molekularmasse aufweist, die größer ist als die Mo-
lekularmasse des Zielanalyten.

4. Verfahren nach Anspruch 2 oder Anspruch 3, wobei
die Vielzahl der chemisch derivatisierten Analyten-
proben durch Umsetzen des Zielanalyten mit einer
Vielzahl von verschiedenen Molekülen und/oder ei-
ner Vielzahl von verschiedenen Isotopen desselben
Moleküls erhalten wird.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Vielzahl von chemisch derivatisierten
Analytenproben und der Zielanalyt in der Testprobe
an Chromatographiemedien des Chromatographie-
bereichs der Wegwerfkartusche adsorbieren.

6. Verfahren nach Anspruch 1, wobei die Vielzahl der
stabilen Isotope zwei oder mehr stabile Isotope um-
fasst.

7. Verfahren nach Anspruch 6, wobei jedes der Vielzahl
der stabilen Isotope der Testprobe in einer anderen
Konzentration zugegeben wird.

8. Verfahren nach Anspruch 6 oder Anspruch 7, wobei
jedes der Vielzahl der stabilen Isotope mindestens

zwei Masseneinheiten voneinander entfernt ist.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Volumen der Originaiprobe weniger
als etwa 10 Mikroliter Blut beträgt.

Revendications

1. Procédé de détermination de la concentration d’un
analyte d’intérêt dans un fluide corporel, le procédé
comprenant :

la fourniture d’une cartouche jetable à usage
unique comprenant :

un résidu solide d’une pluralité de standards
internes à l’intérieur d’un orifice d’introduc-
tion d’échantillon, la pluralité de standards
internes comprenant soit une pluralité d’iso-
topes stables de l’analyte d’intérêt, soit une
pluralité d’échantillons d’analyte dérivés
chimiquement, chacun de la pluralité de
standards internes étant à des concentra-
tions connues différentes ;
une région de filtration ;
une région de chromatographie ; et
un orifice de sortie configuré pour être en
communication fluide avec un spectromètre
de masse ;

l’introduction d’un échantillon original dans l’ori-
fice d’introduction d’échantillon, l’échantillon ori-
ginal comprenant au moins un parmi du sang,
de l’urine et de la salive d’un patient contenant
l’analyte d’intérêt ;
la dissolution du résidu solide dans l’échantillon
original pour produire un échantillon d’essai,
le pompage de l’échantillon d’essai à travers la
cartouche jetable à usage unique ;
l’analyse de l’échantillon d’essai par le biais du
spectromètre de masse de telle sorte que la plu-
ralité de standards internes différents et l’échan-
tillon original soient analysés en une mesure
spectrale unique ;
la création d’une courbe standard d’un spectre
pour l’analyte d’intérêt à partir de données pro-
duites à partir de l’analyse de la mesure spec-
trale unique ; et
la détermination d’une concentration de l’analy-
te d’intérêt dans l’échantillon original sur la base
de la courbe standard.

2. Procédé selon la revendication 1, dans lequel la plu-
ralité d’échantillons d’analyte dérivés chimiquement
ont une masse moléculaire différente d’une masse
moléculaire de l’analyte d’intérêt.
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3. Procédé selon la revendication 2, dans lequel cha-
cun de la pluralité d’échantillons d’analyte dérivés
chimiquement a une masse moléculaire qui est plus
grande que la masse moléculaire de l’analyte d’in-
térêt.

4. Procédé selon la revendication 2 ou la revendication
3, dans lequel la pluralité d’échantillons d’analyte dé-
rivés chimiquement est obtenue en faisant réagir
l’analyte d’intérêt avec une pluralité de molécules
différentes et/ou une pluralité d’isotopes différents
de la même molécule.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la pluralité d’échantillons
d’analyte dérivés chimiquement et l’analyte d’intérêt
dans l’échantillon d’essai sont adsorbés sur le milieu
de chromatographie de la région de chromatogra-
phie de la cartouche jetable.

6. Procédé selon la revendication 1, dans lequel la plu-
ralité d’isotopes stables comprend deux isotopes
stables ou plus.

7. Procédé selon la revendication 6, dans lequel cha-
cun de la pluralité d’isotopes stables est ajouté à
l’échantillon d’essai à une concentration différente.

8. Procédé selon la revendication 6 ou la revendication
7, dans lequel chacun de la pluralité d’isotopes sta-
bles est au moins séparé de deux unités de masse.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le volume de l’échantillon
original est inférieur à environ 10 microlitres de sang.
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